A (u, K, 1) packing design of order o, block size K, and index I is a collection of K-element subsets, called blocks of a set V such that every 2-subset of V occurs in at most 1 blocks. The packing problem is to determine the maximum number of blocks in a packing design. In this paper we solve the packing problem with K = 5, 1=8, 12, 16, and all positive integers o with the possible exceptions of (u, A)=
INTRODUCTION
A (u, K, 1) packing design of order v, block size K, and index 2 is a collection b of rc-element subsets, called blocks, of a o-set V such that every 2-subset of V occurs in at most 1 blocks. If every 2-subset of V occurs in at least II blocks, then it is called a covering design.
Let u(u, rc, A) denote the maximum number of blocks in a (0, K, A) packing design. A (u, K, A) packing design with ]flI = a(o, K, 1) will be called a maximum packing design.
Schoenheim [S] has shown that
where [x] is the largest integer satisfying [x] <x. Hanani [6] has sharpened this bound in certain cases by proving the following result.
The value of (T(u, 3, i) for all u and ,? has been determined by Hanani [6] . The value of ~(u,4, 1) for all u has been determined by Brouwer [5] . The value rr(o, 4,%) for all u and 13. > 1 has been determined by Assaf [ 1 ] and by Hartman [7] .
In the case K = 5 and any I the only result known is that of Assaf and Hartman [2] in which they have determined a(u, 5, 4) for all u.
A balanced incomplete block design, B[u, K, A], is a (u, K, 2) packing design where every 2-subset of points is contained in precisely 1 blocks. If a B[u, K, A] exists, then it is clear that a(u, K, A)= Ic/(u, K, 1) = Lo(o-l)/ IC(K -1) and Hanani [6] has proved the following existence theorem for No, 5, J.1. In this paper we are interested in determining the values of a(u, 5,1), where ,? = 8, 12, 16. Our goal is to prove that a(u, 5,L) = rc/(u, 5, A) for all u > 5, with some few possible exceptions. Specifically we prove the following. 
CONSTRUCTIONS OF PACKING DESIGNS
To prove our theorem, we do not need any recursive construction. The constructions are direct constructions, using the method used in [ 11, that is, using designs on a different number of points and then identifying points to obtain optimal packing. This method is very useful in the case A> 1 and it will play an important role in determining the covering and packing designs with K = 5 and I > 1. To describe our construction we need the notion of designs with a hole. Let (V, /I) be a (u, K, A) packing design, and let H be a subset of V of cardinality h. We shall say that (V, /I) is an exact packing design with a hole of size h if no 2-subset of H appears in any block, and every other 2-subset of V appears in precisely A blocks.
The following results are most essential to prove our theorem. In the following two lemmas we improve the results of Lemmas 2.1 and 2.2. (1 2 4 10 13) (1 2 7 10 12) (1 3 8 10 13) (1 4 S 6 16) (I S 6 7 9) (2 3 7 16 17) (2 3 7 11 16) (2 S 13 14 16) (2 6 8 9 11) (1 2 8 14 17) (1 3 8 11 17) (1 3 9 11 12) (1 4 9 1s 17) (1 s 7 11 13) (2 3 S 8 12) (2 4 7 9 14) (2 s 9 14 15) (2 9 12 13 17) With Lemmas 2.1-2.4 at our hands we can prove the following lemmas. [4] for the construction of the last design. A (68, 5, 12) packing design may be constructed as follows. Take a GD [6, 2, 5, 351 (see [6, p. 2621 for a definition of group divisible designs, and [6, p. 2861 for the existence of this design) and delete one point from last group. The resultant design is a GD[ { 5, 6}, 2, (4*, 5}, 341, that is, a group divisible design with blocks of size 5 and 6 and groups of size 5 and exactly one group of size 4. Now inflate this design by 2 and 1= 6: that is, replace each point x of GD[ { 5, 6}, 2, {4*, 5}, 341 by two points x,,, x1, and replace each block of size 5 and each block of size 6 by the blocks of a GD[S, 6, 2, lo] and GD[S, 6,2, 121. These two designs are actually three copies of GD{5,2,2, 10) and GD[S, 2,2, 121, respectively, and they may be found in [3] .
Finally, on the groups of size 10 construct a B[ 10,5, 121 and on the group of size 8 construct a (8, 5, 12) packing design. (ii) Take three copies of a (u, 5,4) packing design v # 7. By Lemma 2.1 a (v, 5,4) packing design, u # 7, has a hole of size 2. In the first copy assume the hole is (a, b); in the second the hole is (a, c); and in the third the hole is (b, c). Then the blocks from (i) and (ii) are the blocks of a (v, 5, 16) packing design. Since there is no (7, 5, 4) We now prove our main theorem which is restated below for the reader's convenience. 
